Abstract
where n(t) is the number of individuals in the colony, p is the food income for the 1 1 9
colony, c is the cost of foraging, f is a factor that describes the foraging investment 1 2 0
and takes different values for phasic (f=1/2) and non-phasic (f=1) populations, and N 1 2 1
is the maximal size that a colony can reach, expressed as its number of individuals.
2 2
When p=c, the population growth equals zero and the system is in an unstable state 1 2 3
. CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/101600 doi: bioRxiv preprint first posted online Jan. 20, 2017;  of equilibrium. With p<c, the colony experiences negative growth and goes through 1 2 4 extinction, whereas with p>c it grows until the maximal size is reached.
2 5
In our first set of simulations, we examine the growth curve of populations 
where n i,t is the number of individuals in the i-th colony at the t-th time iteration, f is 1 3 7
the "foraging" factor varying for phasic (f=1/2) and non-phasic (f=1) example, in a given scenario, food items are small and easy to find, whereas in 1 5 0 another one they are large and difficult to find. We thus implement the food income . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/101600 doi: bioRxiv preprint first posted online Jan. 20, 2017;
where s represents the average food income per colony, w is the parameter used 1 5 6
to tune food distribution in the different scenarios (it regulates the probability of performances of phasic and non-phasic colonies in various scenarios.
7 3
Colonies of phasic army ant species generally reproduce via fission by splitting in 1 7 4 two equally sized daughter colonies when they reach a certain threshold size. In 1 7 5
order to reproduce such dynamics, the algorithm checks the size of each colony at 1 7 6
the end of each time iteration. If a colony reaches the maximal size, which we refer to 1 7 7
as m, it splits into two colonies of size m/2. If during the simulations the size of a 1 7 8
given colony falls below the value m/10, the colony is considered not viable anymore,
and is eliminated from the population vector. At the beginning of the simulations, the 
8 1
In the first set of simulations, we studied the dynamics of monospecific populations 20, 2017; was set to 500 time units to allow populations to reach, in most cases, an almost values were changed to check their effect on the simulation outcome (data not 1 9 0
shown), but as long as they were kept sufficiently high to assure a good statistical 1 9 1 representation, they did not appear to affect the results.
1 9 2 1 9 3
Competition between phasic and non-phasic colonies 1 9 4
Simulating the density-dependent growth of phasic or non-phasic colonies 1 9 5
provides insight into the population dynamics of monospecific populations in various 1 9 6 ecological conditions; however, it does not allow predicting the outcome of 1 9 7
competition for food in populations made up of colonies of both species. In our 1 9 8
second set of simulations, we implement a resource competition scenario within a 
where n1 is the population vector of phasic colonies, n2 is the population vector of 2 0 9
non-phasic colonies, l t is the total number of colonies (phasic and non-phasic) at time 2 1 0 t, and L is the carrying capacity expressed as the maximal number of colonies.
1 1
Concerning reproduction, the same rules of our monospecific model apply here.
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In this set of simulations, we studied the same values of c, w and s considered in . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/101600 doi: bioRxiv preprint first posted online Jan. 20, 2017;  choice of such values, the same considerations made for the previous model apply 2 1 7
here. All the simulations were carried out in a Python environment ({van Rossum}, Our results show that, as expected, both phasic and non-phasic colonies perform 2 2 4
best when the cost of foraging is low. When the cost of foraging (c) exceeds a certain 2 2 5
value that depends on w (the number that regulates the probability of finding food 2 2 6
without changing the average quantity of food received over time by each colony), 2 2 7
the population size at the end of the simulations decreases, and the probability of 2 2 8 extinction increases (Figures 2a, b) . When the cost of foraging and the probability to 2 2 9
find food (p) approach the same value, i.e. close to the line described by the 2 3 0
equivalence p=c (Figures 2a, b) , the probability to go through extinction increases for . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/101600 doi: bioRxiv preprint first posted online Jan. 20, 2017;  population at values close to the line described by the equivalence p=c, in relatively 2 5 0 more difficult conditions (Figures 3b).
5 1
As c increases, both populations need more food to avoid extinction, and with food per iteration compared to non-phasic colonies, which resulted to be advantageous in 2 7 4 challenging conditions. In fact, with the foraging cost set at relatively high values, 2 7 5 phasic colonies survived through long series of iterations in which they could not 2 7 6
access any food. This made them less likely to go through extinction, and also 2 7 7 allowed them to reach larger population sizes compared to non-phasic colonies.
7 8
Finally, and most interestingly, phasic populations performed increasingly better than 2 7 9
non-phasic populations with food becoming rarer and locally abundant (higher values The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/101600 doi: bioRxiv preprint first posted online Jan. 20, 2017;  the population in most conditions, and reached the carrying capacity of the 2 8 4 environment. On the other hand, even though they did not reach the carrying 2 8 5 capacity, phasic colonies tended to invade the population as food became rarer and 2 8 6 more locally abundant, because they were less likely to go through extinction 2 8 7
compared to non-phasic colonies.
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According to our results, reducing rather than maximizing foraging activity can, in
